Abstract We investigated the feasibility of the clinical application of novice-practitioner-performed/offsite-mentor-guided ultrasonography for identifying the appendix. A randomized crossover study was conducted using a telesonography system that can transmit the ultrasound images displayed on the ultrasound monitor (ultrasound sequence video) and images showing the practitioner's operations (background video) to a smartphone without any interruption in motion over a Long-Term Evolution (LTE) network. Thirty novice practitioners were randomly assigned to two groups. The subjects in group A (n = 15) performed ultrasonography for the identification of the appendix under mentoring by an onsite expert, whereas those in group B (n = 15) performed the same procedure under mentoring by an offsite expert. Each subject performed the procedure on three simulated patients. After a 4-week interval, they performed the procedure again under the other type of mentoring. A total of 90 ultrasound examinations were performed in each scenario. The primary outcomes were the success rate for identifying the appendix and the time required to identify the appendix. The success rates for identifying the appendix were 91.1 % (82/90) in onsitementored ultrasonography and 87.8 % (79/90) in offsite-mentored ultrasonography; both rates were high, and there was no significant difference (p = 0.468) between them. The time required in the case of offsite mentoring (median, 242.9 s; interquartile range (IQR), 238.2) was longer than that for onsite mentoring (median, 291.4 s; IQR, 200.9); however, the difference was not significant (p = 0.051). It appears that offsite mentoring can allow novice onsite practitioners to perform ultrasonography as effectively as they can under onsite mentoring, even for examinations that require proficiency in rather complex practices, such as identifying the appendix.
Introduction
It has previously been demonstrated that it is feasible for a remote expert to perform tele-interpretation of lossy transmitted radiologic images [1] [2] [3] [4] [5] [6] [7] . Thus, computed tomography (CT)-based or X-ray-based teleradiology has already been widely adopted in various clinical settings. Although we have already reported that the remote interpretation for transmitted ultrasound videos using the telesonography system in evaluating cardiac dynamic function and diagnosing acute appendicitis was also feasible [8] , ultrasonography-based teleradiology (telesonography) is more complex than other types of teleradiology. Unlike CT scans or X-rays, ultrasonography requires a sonographer who can acquire images of sufficiently high quality at the bedside. However, an experienced sonographer is not always available 24 h a day, even in tertiary hospitals in Korea, and the situation may be similar worldwide. Several previous studies have revealed that a novice onsite ultrasound user can acquire interpretative images with the guidance of a remote expert [9] [10] [11] . However, these studies have been confined to certain simple clinical settings, such as pneumothorax and intraperitoneal fluid collection in trauma patients. These examinations are usually simple, and the key finding can be easily identified in a broad, fixed location in the body; therefore, even a novice sonographer can complete such an examination with minimal guidance from a mentor. By contrast, we consider the identification of acute appendicitis to be highly complex and thus to require more specific and detailed guidance during telementored ultrasonography. We have previously reported the clinical application of real-time telesonography in diagnosing pediatric acute appendicitis in the emergency department (ED) and have verified that telesonography performed by a less experienced onsite sonographer under the guidance of a remote expert can be effectively used for diagnosis even in such complicated cases [12] . However, in that study, emergency medicine residents with some experience in ultrasonography (rather than novice examiners) acted as the onsite sonographers. Therefore, that study could not demonstrate the effectiveness of telesonography between a remote expert and a novice sonographer with no previous experience in diagnosing acute appendicitis.
We wished to investigate whether a novice sonographer can effectively perform ultrasonography under mentoring by a remote expert for the diagnosis of acute appendicitis. In this study, as a first step, we investigated whether such practitioners could find a normal appendix, which is considered to be one of the most difficult tasks involved in the diagnosis of acute appendicitis, as effectively under remote mentoring as they could under onsite mentoring.
Materials and Methods

Study Design and Setting
A randomized crossover study was conducted to compare the novice practitioners' performance in identifying a normal appendix when guided by an onsite expert and when guided by a remote expert using a mobile device. The study was performed in the academic ED of a tertiary urban hospital from April to May 2015.
This study was approved by the Institutional Review Board of our institution.
Study Participants
The sample size was calculated based on a pilot study regarding the time required to identify the appendix. The required times (mean ± standard deviation (SD)) were as follows: under onsite mentoring (251.3 ± 17.1 s) and under remote mentoring (292.5 ± 88.3 s). The sample size was analyzed using G-power 3.1.2®(Heine Heinrich University, Düsseldorf, Germany) with 0.05 of α error and 0.8 of power, we estimated that 30 examiners would be adequate for each mentoring site with a 10 % dropout rate. Thirty volunteers without any experience in ultrasonography were recruited as examiners, and 10 volunteers with normal appendix, aged 19 to 35, were also recruited as simulated patients (SPs). In addition, three emergency physicians certified as trained abdominal ultrasonographers by the Korean Society of Ultrasound in Medicine (KSUM) participated in the study. The 30 novice examiners participated in a pre-education program consisting of a 2-h lecture and a hands-on workshop. SPs who were obese or whose appendix could not be identified by an expert within 5 min were excluded. All study participants agreed to participate in the study and completed a predesigned written consent form prior to participating in the study.
Tele-ultrasonography System
Tele-ultrasonography
An image capture and transmission system (CubeView, Alpinion Medical Systems, Seoul, Korea) was installed on the ultrasound machine (E-Cube 15, Alpinion Medical Systems, Seoul, Korea) in our ED. This system sequentially captures the images displayed on the monitor of an ultrasound machine and transmits them to a server computer at a rate of more than 25 frames per second (FPS) over a broadband internet network (with an internet speed of greater than 100 megabit per second (Mbps)). An internet protocol (IP) network camera was also set up above the ultrasonography machine and used to capture video of the ultrasound practice (background video). These background videos were simultaneously transmitted to the server along with the ultrasound sequence videos (Fig. 1) . These combined videos (ultrasound sequence videos with background videos) were subsequently transferred from the server to a remote smartphone over an LTE network.
Remote Viewer: Smartphone
The smartphone used as the remote viewing display was the iPhone 5 (iPhone 5S, Apple Inc., USA), which is one of the most widely used and smallest smartphones on the market (dimensions of 123.8 × 58.6 × 7.4 mm, with a weight of 112 g). It has a small but high-resolution display screen with a diagonal dimension of 10.2 cm, a number of pixels of 1136 × 640 (326 PPI), a contrast ratio of 800:1, and a maximum luminance of 556 cd/m 2 . For this study, the luminance was set to 400 cd/m 2 and the auto-brightness function was turned off, as recommended by the American College of Radiology (ACR). The CubeView smartphone application was downloaded to the iPhone to be used in the study [13] . The expert mentors were able to remotely guide the practice of the inexperienced practitioners while watching the full-motion sonographic examination videos and accompanying background videos transferred to the iPhone (Fig. 1) .
Intervention
Of the three experts, one independent, blinded expert always acted as a supervisor, whereas the remaining two acted as the mentors (onsite and remote mentors). The supervisor observed the onsite examiners' practice from behind and determined whether they had correctly located the normal appendix. If he was not certain whether their practice had succeeded or failed after its completion, he directly performed an additional ultrasonographic examination for confirmation. The onsite mentors directly guided the novice examiners in their ultrasound practice from beside them (onsite mentoring), whereas the remote mentors remotely guided them while watching their practice on the smartphone display (remote mentoring).
The 30 participating examiners were randomly divided into two groups. In phase 1, group A performed ultrasonography under onsite mentoring and group B performed the same procedure under remote mentoring (Fig. 2) . Each examiner was randomly assigned one expert and three SPs for phase 1. Four weeks later, they were partnered with the same expert and SPs to whom they had been assigned in phase 1 and performed the procedure under the other type of mentoring (phase 2). The examination order of the SPs was randomly assigned by choosing a number between 1 and Table 1 ). The selection frequencies of the SPs and experts are shown in Table 2 . The examiners were blinded to the identifying information of the SPs (their faces were shielded) as they performed the ultrasonographic examinations.
The remote experts recorded their subjective image quality assessment scores for the transmitted images displayed on the smartphone using a five-point Likert scale (single-stimulus method: 1 = bad, 2 = poor, 3 = fair, 4 = good, 5 = excellent) and gauged the connection speed of the LTE network using the smartphone application BENCHBEE at the end of each telementoring session [13] .
Main Results
The primary outcomes were the success rate for identifying the normal appendix and the time elapsed before the practitioner located the appendix.
The success of appendix identification for each session was determined by the supervisor, who observed the onsite examiners' practice from behind. He recorded whether the examiner had successfully located the appendix. The time was measured from the beginning of the examination to the detection of the suspected appendix. When 10 min of time had passed without successful detection, the session was defined as a failure and the time was recorded as 10 min. 
Statistical Analysis
The difference between the success rates for identifying the appendix under remotely guided mentoring and onsite-guided mentoring was analyzed using the chi-square test. The difference in the time required for the detection of the appendix between the two methods was analyzed using the MannWhitney U test.
The mean scores for subjective image quality assessment were calculated, and a score greater than 4 was regarded as indicative of high quality [14] [15] [16] [17] .
Results
Participants
Of the 30 novice examiners, none was excluded or eliminated from the study. The mean age of the participants was 27.8 years old (SD, 2.4), and 18 were male (Table 3) . Of the ten SPs, six were male, and their mean age was 28.4 years old (SD, 1.4). Their heights, weights, and BMIs are shown in Table 4 . No obese SP was included in the study. The maximal diameters of their appendices are also shown in Table 4 . For seven SPs, the position of the appendiceal base was retrocecal, and the remaining three had subileal appendices. Each examiner performed ultrasonographic examinations of three SPs; thus, a total of 90 examinations were performed in each scenario.
Success Rate for Finding the Appendix
Of the 90 examinations, 82 (91.1 %) were completed with successful identification of the normal appendix within 10 min when the novice examiners were performing ultrasonography with an onsite expert's guidance (Table 5) . With a remote expert's guidance, they were able to succeed in finding the appendix in 79 of the 90 examinations (87.8 %). The difference in success rate between the two groups was not significant (p = 0.468). In the case of onsite guidance, in all eight cases of failure, the appendix was missed because the novice examiner could not find the appendix within 10 min, and in 10 of the 11 cases of failure under remote guidance, the appendix was missed for the same reason. In only one case, although the examination was completed within 10 min, it was a failure because the remote expert misinterpreted the terminal ileum as the appendix.
Time Required to Identify the Appendix
The mean time required to locate the appendix was 242.9 s (interquartile range (IQR), 238.2) when the novice examiners were performing ultrasonography with the guidance of an onsite expert, and it was 291.4 s (IQR, 200.9) when they were performing ultrasonography with a remote expert's guidance (Table 5 ). The time required during offsite mentoring was longer than that during onsite mentoring; however, it was not significantly different (p = 0.051). The mean subjective image quality assessment score for all physicians' examinations using the smartphone display was 4.5 (SD, 0.6), and none of the mean scores for any physician was less than 4 ( Table 1) .
The mean mobile internet speed at the end of a remote mentoring session was 55.5 Mbps (SD, 8.6).
Discussion
The first step in ultrasonography for the diagnosis of acute appendicitis is identifying the appendix. Although the most common position for the base of the appendix is retrocecal, it varies in each patient. The appendix often cannot be visualized even when a trained sonographer performs the ultrasonographic imaging. Certain patients may have an ambiguous appendix that is difficult to differentiate from other intraperitoneal organs, especially the terminal ileum. In this study, we verified that this complex process of identifying the appendix could be guided by a remote expert using smartphone-based telesonography as effectively as by an onsite expert, even though the practitioners were novice examiners. The success rate for identifying the appendix was high in both groups and did not significantly differ between them. This suggests that telesonography can be used to acquire the necessary images for diagnosis, a task that requires relatively high proficiency in ultrasonography, even when no experienced sonographer is US ultrasonography, SP simulated patient, SD standard deviation available onsite. The high observed success rate may be partially attributable to the fact that cases in which the appendix could not be identified by an expert were excluded in this study. Moreover, in most cases addressed in this study, the appendix was in the typical position. The rate of normal appendix identification could be lower in a real clinical situation as a result of various adverse conditions, such as an atypical position of the appendix, an obese abdomen, or a large amount of gas. However, the rates of decrease might not significantly differ between the two methods. Moreover, the likelihood of successfully identifying the appendix might be higher in pediatric patients than in the study group considered here because the resolution of images of the appendix produced by ultrasound probes in children, who are more vulnerable to appendicitis, is higher than that in adults because of their small size [18] . In addition, the sensitivity for identifying the appendix should be increased in the case of acute appendicitis because the swollen appendix that is characteristic of acute appendicitis is likely to be more easily found in an ultrasound examination than the smaller normal appendix. In most cases of failure, the appendix was missed because the novice examiner could not find it within 10 min despite being guided by an expert. This failure can likely be attributed to the novice examiners' inability to dexterously operate the probe in precise accordance with the expert's direction. However, this lack of coordination between the expert's direction and the examiner's hand was not significantly different between onsite and remote mentoring. We were initially concerned that offsite mentoring might be disadvantageous in comparison with onsite face-to-face mentoring because it must be performed using a small display, with additional limitations posed by the lack of proximity. Indeed, the mean time required to finish the examination was longer in the case of remote mentoring than that for onsite mentoring, although the time difference was not statistically significant. An additional 50 s may not pose a significant problem in an ultrasound examination for identifying the appendix. However, such a delay could be critical in certain types of emergency ultrasonography for unstable patients.
Once the structure that was believed to be the appendix was found, all except 1 of the 90 cases of remotely guided ultrasonography were correctly interpreted. In other words, there was almost no case in which remote interpretation was disrupted by the attenuated quality of the transmitted images, even though the process of identifying the appendix sometimes requires the ability to perceive subtle findings. In fact, the human perception of the image quality of the transmitted images displayed on the smartphone was very good, as indicated by the mean subjective image quality assessment score of greater than 4 reported in this study, which is consistent with that in a previous study [12] . The single-stimulus method for subjective quality assessment is known to be the most accurate method of evaluating the human perception of image quality [12, 16, 17] . The typical image size of a single frame captured by the CubeView image capture and transmission system is approximately 150 kilobytes (kB) in PNG format, as mentioned in previous studies [8, 12] . These frames can theoretically be transmitted at more than 15 FPS if the internet connection speed is greater than 18 Mbps, thereby allowing them to be perceived by the human eye as continuous images without any interruption in motion [15] . Because the average connection speed of the LTE mobile network in South Korea was 67.4 Mbps during the 4th quarter of 2015, as reported by the Ministry of Science, ICT and Future Planning of South Korea [19] , and that measured by BENCHBEE in this study was 55.5 Mbps, high-quality lossless images could be continuously transmitted from the ultrasound machine to the smartphone display without any interruption in motion (without lag, pixilation, or any other degradation) during this study. Given that 3rd generation (3G) networks are more widely used than LTE networks worldwide, even though LTE networks have been established in many countries, the ability to use telementored ultrasonography in underresourced countries would be limited. However, the telesonography system used in this study allows the modification of the image quality of the transmitted videos. If the spatial resolution of a single frame is reduced to 80 % of the initial resolution, the file size decreases from approximately 150 to 40 kB [8] . Images with a file size of 40 kB can be continuously transmitted at a frame rate of 15 FPS even with a connection speed of approximately 5 Mbps. We believe that 80 % of the quality of the original image is sufficient to enable effective evaluation in several clinical settings. In fact, a previous study verified that echocardiography videos of this reduced image quality (80 % of the quality of the original image) transmitted to a smartphone over a 3G mobile network could be effectively interpreted for the evaluation of cardiac dynamic function [8] .
Thus, this type of smartphone-based telesonography can be applied in certain clinical situations over a 3G mobile network. We used a smartphone rather than a workstation as the remote display in this study because of its accessibility for immediate use. In real clinical settings, most expert physicians will typically guide a remote novice examiner in performing ultrasonography by using the workstations in their offices rather than smartphones with small displays. However, these experts are sometimes out of their offices and unable to immediately access a workstation when they are requested to direct remote ultrasonography. Based on the results of this study, we believe that workstation-based telesonography will certainly be feasible as well.
The three experts who participated in this study each possess at least 5 years of experience with abdominal ultrasonography in the ED and are especially skillful at diagnosing acute appendicitis. All are certified as trained abdominal ultrasonographers by KSUM, and the expert who acted as the supervisor (with 10 years of ultrasonography experience) is also certified as an instructor of abdominal ultrasonography by that society. In fact, these practitioners performed zero negative appendectomies and had zero cases of missed appendicitis between September 2011 and February 2013, although the study populations were somewhat selective [20] . We believe that they are as proficient as radiologists in the diagnosis of acute appendicitis. The two mentors had gained previous experience with telemedicine from participating in previous studies over the past 3 years [3, 4, 8, 12] ; thus, they were already somewhat proficient at interpreting transmitted images using a smartphone with a small display. However, we are certain that a user without any previous experience with telemedicine could easily become accustomed to the necessary procedures with a small amount of practice prior to use.
To ensure well-coordinated manipulation of the probe by an inexperienced examiner, careful and detailed instructions must be provided. For this purpose, the mentor must know how to operate the probe for concrete identification of the relevant findings. Additionally, he or she must know the spatial relationship among the intraperitoneal organ structures around the appendix. In the process of mentoring, the mentors directed the novice examiners to mark the corresponding positions on the patient's abdomen when they found the main structures needed to identify the appendix, such as the cecum, ileocecal valve, psoas muscle, and iliac vessels. If they became lost on the way to the appendix, the mentor instructed the examiner to move the probe to an indicated point. They often used these points as landmarks for controlling the examiner's probe. For example, supposing that the ileocecal valve was shown on the monitor, the mentor informed the examiner of what the structure was and asked him/her to move the probe to the point indicating the psoas muscle. This process facilitated clear communication between the mentor and examiner.
In conclusion, it appears that offsite mentoring can allow novice onsite practitioners to perform ultrasonography as effectively as they could under onsite mentoring, even for examinations that require proficiency in rather complex practices, such as identifying the appendix. This type of telesonography could be applied in under-resourced regions and hospitals to overcome a lack of human resources. It could also be used in a prehospital setting. Telesonography performed by an emergency medical technician under the guidance of a remote expert could play an important role in the management of patients before hospital arrival or in decisionmaking regarding the level of the referred hospital. In addition, this telesonographic approach could serve as the basis of an educational model for inexperienced practitioners and could provide possibilities for expanding the use of ultrasonography in war and disaster situations.
